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ABSTRACT. The fate and persistence of the mosquitocidal bacterium, Botilhrc sphaericus, in dairy
wastewater lagoons was evaluated in conjunction with trials of its larvicidal efficacy against Culcx
stigmatosoma. Two commercial formulations, BSP-2 (at 4.48 kg/ha) and ABG-6184 (at2.24 kg/ha) gave
about 90% reduction for up to 4 weeks, although surface water lost its insecticidal activity by 3 days
posttreatment. Spores settled to the bottom within 3 days oftreatment, but could be recovered in surface
water after reflooding. Spore concentrations in bottom water varied widely, yet insecticidal activity
remained high for from 3 days (BSP-2 at 4.48 kg/ha) to 2 weeks (ABG-6184 at 2.24 k9/ha). Spores
persisted in the mud throughout the study period. These results indicate the extended control obtained
was due primarily to the ingestion of spores from bottom water and mud by larvae, which routinely
inhabit the shallow areas toward the edge of the pond and browse at the pond bottom.
INTRODUCTION
The microbial agent, Bacillus sphoericus
Neide, contains numerous strains found in a
variety of soil and water habitats. Strains of this
species were not known as pathogens until Kel-
Ien et al. (1965) isolated a slightly larvicidal
strain from moribund Culiseta incidens (Thom-
son) larvae in California. Since then, more than
30 strains have been isolated from a variety of
mosquito breeding habitats and other sources
(Weiser 1984, Davidson 1985).
Strains of B. sphaericus with various poten-
cies have been evaluated in several studies
against mosquito larvae (Mulligan et al. 1978,
1980; Mulla et al. 1984a, 1984b; Mulla 1986,
Lacey et al. 1987). In general, species of Culex
have been shown to be the most sensitive to B.
sphaericus, with Anopheles spp. being suscepti-
ble to varying degrees, and activity against Aedes
spp. being generally low (Singer 1985, Mulla
1986, Nicolas et al. 1987a, Wraight et al. 1987).
An apparent advantage that B. sphaericus has
over B. thuringiensis subsp. lsroelensls is that
the former provides greater residual larvicidal
activity, due apparently to its persistence or
recycling. However, published reports regarding
the extent of the residual activity provided by
B. sphaericu.s present conflicting results and of-
fer little insight into the mechanism underlying
extended control (Hertlein et al. 1979, Mulligan
et al. 1980, Davidson et al. 1984, Mulla et al.
1984b, Nicolas et al. 1987b).
Several years ago, Weiser (1984) isolated a
strain of B. sphnericus, designated 2362, ftom
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an adult blackfly in Nigeria. This strain is now
recognized as the most promising isolate of B.
sphaericus for controlling mosquito larvae in
clear as well as polluted waters (Lacey et al.
1986, Mulla 1986, Nicolas et al. 1987a). In the
present study, in conjunction with larvicidal
trials in dairy wastewater lagoons, we investi-
gated the fate and persistence of the spores and
insecticidal activity of B. sphneri.cus in surface
water, bottom water and mud using 2 new for-
mulations of 2362, ABG-6184 (Abbott Labora-
tories, N. Chicago, IL), a primary powder, and
BSP-2 (Solvay Co., Brussels, Belgium), a flow-
able concentrate.
MATERIALS AND METHODS
The field trials were conducted in dairy
wastewater lagoons at Kasbergen Dairy (Mira
Loma, CA). The ponds averaged 0.12 ha (0.3
acres), and all contained some natural vegeta-
tion and variable populations of mosquito larvae
as well as nontarget biota including aquatic in-
sects, crustaceans and algae. The ponds were
flooded 7 days prior to treatments. During the
course of the field studies, normal water man-
agement practices were not altered.
Prior to and at intervals after application,
mosquito larval populations present in the
ponds were determined by sampling using dip-
pers. The extent of population reduction was
calculated on the basis of posttreatment versus
pretreatment comparisons of the 3rd and 4th
instar larvae recorded from these samples (20
dips per pond, 5 from each side). Control ponds,
which were not treated with any larvicides, were
sampled in the same manner. Water tempera-
ture, pH and dissolved oxygen were also moni-
tored with a minimum/maximum thermometer,
an oxygen/temperature meter (YSI Model 51B)
and a pH meter.
Bacillus sphaericus 2362 (ABG-6184 primary
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powder, 7.6 x 1010 spores/g, lot no. 86-95-BD)
was applied at the rate of l.l2 and2.24 kg/ha (1
and 2 lb/acre), respectively, while BSP-2 (flow-
able concentrate) was applied at 2.24,4.48 and
5.6 kglha of the formulations. For each treat-
ment and the check, one randomly selectedpond
was used. The formulations were applied by
suspending them in 7.56 liters (2 gal) of water
and applied to each pond from the edge towards
the center by 3.78-liter (l-gal) hand-pumped
sprayer fitted with no. 0006 Tee Jet nozzle.
Fate and persistence of B. sphaericus in water
as determined by bioassay: To determine pres-
ence and persistence of B. sphaericus 2362 in
treated water, duplicate composite water sam-
ples (1 gal each) were obtained from the check
and treated ponds prior to treatment, and t h, 1
day, 3 days, 1, 2, 3 and 4 weeks after treatment.
One of the samples was obtained from the sur-
face, while the other was siphoned from the
bottom of the pond via a hand operated pump.
To avoid contamination, samples were first
taken from the control pond, then from the
treated ponds. Each sample was obtained from
8 different locations, covering 4 sides of each
pond. Collected water was transported to thc
laboratory in ?.8-liter buckets (2-gal), and each
bucket was lined with double plastic bags. Bioas-
says of water samples in the laboratory were
conducted as follows:
One hundred ml of water from control plots,
and 25, 50 and 100 ml of water from treated
plots, on each sampling interval was transferred
into 120-ml disposable cups, in triplicate. Then
75 or 50 ml of distilled water were added to cups
containing 25 or 50 ml, respectively, of treated
field water, to yield 100 ml of water per cup.
Twenty early 4th instars of Cul,ex quin4uefoscia-
tus Say from a laboratory colony were added to
each cup. Test cups were placed in a holding
room where temperature was maintained,at2S.S
+ 1"C, and mortality was determined after 48 h.
Microbiological assessmentf Water and mud
samples were taken from treated and control
ponds pretreatment (0 day), t h, 1, 3, 7, 14,27
and 48 days posttreatment. Undisturbed surface
water was sampled using a clean mosquito dip-
per, while bottom water, 2.5 cm (1 inch) above
the bottom hydrosoil, was sampled with a plastic
hand-cranked siphon pump fitted with 1 cm
diam. Tygon tubing (Dynamic Classics Ltd.,
New York). The water was kept in sterile 120-
ml Nasco Whirl-Pak sampling bags. Water and
mud samples were taken from the sides of the
ponds beginning with the control, and in in-
creasing order of the treatment rates. The sur-
face mud was sampled by means of a scoop, with
a 2-m aluminum handle, which removed a 15- x
15- x 5-cm (6- x 6- x 2-inch) block of undis-
turbed mud. The scoop was pushed into surface
mud and gradually dragged and lifted out of the
water. A subsample of 150 g of the surface mud
was scraped with a clean spatula and placed in
unused Sweetheart@ cups with tight-fitting plas-
tic Iids (Maryland Cup Corp., Baltimore, MD).
This constituted an individual random sample;
3 such samples were taken in each pond while
subsamples thereof were taken during the mi-
crobiological analysis in the laboratory. Follow-
ing each sampling exercise, all equipment was
washed in hot soapy water to remove any adher-
ing particles.
The samples, kept cool at 5"C until processed,
were analyzed in the laboratory a few hours after
collection. Prior to plating the samples on BATS
microbiological medium (Yousten et al. 1985),
10-ml aliquots of water, or 1 g of the mud sam-
ples (wet weight basis) in 10 ml of sterile water,
were placed in sterile 30-ml screw-cap vials. The
samples were pasteurized at 80"C for 12 min
(Davidson et al. 1984) in a precalibrated water-
bath (Matheson Scientific, Los Angeles, CA).
The BATS selective medium was prepared
afber Yousten et al. (1985). Petri dishes were
inoculated with 0.1 ml of the water or diluted
mud samples collected from the respective
treated and control ponds. The plates were
wrapped in clear plastic bags and incubated at
30'C for 48 h. Colony-forming units (CFU) of
B. sphaericus were counted under a stereomicro-
scope. Spore counts were expressed as CFUs per
ml of water or grams of mud on wet weight basis.
The same process was repeated during the
second test, which involved the application of
B. sphaericus 2362 flowable concentrate (BSP-
2 containing 2 X 107 spores/ml) at2,24 and 4.48
kglha. In the third test, BSP-2 was applied at a
rate of 5.6 kg/ha (5 lb/acre).
The microbiological data were transformed
into logarithmic values and the curves plotted
using the Cricket Graph Program (Cricket Soft-
ware, Inc., Philadelphia, PA).
RESULTS
Detailed data on reduction of mosquito larval
populations treated with the ABG-6184 and
BSP-2 formulations of B. splnericra in the field
were presented by Mulla et al. (1988), and infor-
mation relevant to the present study is summa-
rized in Fig. 1, A and B. Basically, a single
application of ABG-6184 at l.l2 or 2.24 kg/ha
(1 and 2 lb/acre, respectively) reduced popula-
tions of Cx. stigmatosoma by an average of
greater than90Vo for at least 4 weeks (Fie. 1A).
A similar level of control was obtained with
BSP-2 at the rate of 4.48 ke/ha (4 lb/aerc),
whereas at the lower rate of 2.2a ke/ha (2 lb/
acre), effective control lasted for only 7 days
(Fie.1B).
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Analysis of treated water in the laboratory
using mosquito larval bioassays demonstrated
that surface water lost insecticidal activity
within 3-7 days with both formulations at all
rates tested, but that bottom water in lagoons
treated with the ABG-6184 formulation re-
mained moderately to highly toxic for at least 2
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Fig. 1. Larvicidal efficacy of Bacillus sphnericus
formulations against Culex stigmatosotnain dairy was-
tewater lagoons. (A) ABG-6184, a wettable powder;(B) BSP-2, a flowable concenrrare.
Rate
kglha
weeks (Tables 1 and 2). More specifically, bioas-
says of surface water obtained 1 day after treat-
ment from ponds treated with the primary pow-
der ABG-6184 at the rates 1 and 2 lb/acre (1.12
and,2.24 kglha), displayed high insecticidal ac-
tivity against 4th instar larvae of Cx. quinque-
fascians in the laboratory. However, no activity
was detected in treated surface water samples
obtained 3, 7, 14, 21 and 28 days after treatment.
Water samples obtained from the bottom, how-
ever, exhibited a high level of activity for 14
days, but activity at both rates began to decline
21 days after treatment (Table 1).
The persistence pattern of the flowable con-
centrate formulation (BSP-2) differed some-
Table 2. Bioassay oftreated dairy wastewater against
4th instar larvae of Culex quinqLtefasciatus in the
Iaboratory to determine activity of the BSP-2
formulation of Bacillus sphnerirus 2362.
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Table 1. Bioassay of treated dairy wastewater against 4th instar lawae of Culex quinquefasciatus in the
laboratory to determine activity of Bacillus sphaericus 2362 (ABG-6184 formulation).
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Drying
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" Mortality readings were taken after 48 h of exposure.
o Water in the lagoons was spotty and ranged in depth from 6-12 cm.
" Water from barn wash was running into treated lagoon at time of sampling.
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